Abstract: This study is concerned for exploring the possibilities of reducing losses in electric drives of heavy startup conditions. Under the latter refers to electric drives with large quantities of the total moment of inertia of the rotating parts of the electric drives and machinery, in the presence of the moment of inertia at the starting process.
INTRODUCTION
In Abuzalata et al. (2011) the relationships for calculating the start-up losses in a separately excited DC motor is derived using the dynamic equations of the electric drive, One result of this study is concluded that among other factors which affect on the start-up losses is the variation of the armature voltage, formed by an electric power source during start-up process. In particular, it is shown that, if the form of the voltage is as steps with equal values and durations to power losses in the electric drive when it starts without load is: (1) shows that the losses in the armature circuit of the motor are inversely proportional to the number of steps of the armature voltage. It is assumed that the acceleration in each step should be continued until reaching the steady state speed. For this type of voltage law relationships are achieved for determining the energy losses and for the start-up of the electric drive with load (Chilikin, 1965; Chilikin and Sandler, 1981; Andreev and Sabinin, 1963) . However, to minimize start-up losses, the step voltage control law is not the best.
The aim of this study is to reduce the start-up losses to show the advantages of other laws of voltage variations. In particular, the greatest attention is paid to a law of linear rising voltage with the limitation by its nominal value (Andreev and Sabinin, 1963; Keys, 1985) . The starting up losses of a separately excited DC motor will be studied.
METHODOLOGY
The dynamic equations of the electric drive represented by:
where, Eq. (2) is the equation of electrical equilibrium in the rotor and (3) is the equation of mechanical equilibrium. In these relations: 
In the time domain the Eq. (6) is represented as: In the third period: It is useful to sum the first two components, so: 
where n = t r /T m ; where n-number of T m , that fit into the length of time of the armature voltage ramp. From these expressions, in addition to Eq. (11) and (12), it is very important the equation (10). It allows selecting the time of the ramp of the control action depending on the desired acceleration current (see DC section in Fig. 3 ). If at the start up the current exceeds the nominal start up current, say ten times, then by selecting t r = nT m any value can be limited. For one of the above selected motors the starting rush current equals 20I n . If it is necessary to starting current is equal I n , you should install t r = 20T m .
It is interesting the losses comparison between a linear start-up and a step-laws method. For comparison, a larger number of energy levels of the control voltage and the corresponding time ramp voltage are made in the Table 1. The table shows that, compared with step-start performance increases linearly with an increase in the number of stages and consequently the rise time. But it hardly makes sense to take the number of steps above start four to eight. The equivalent rise time is it (15 -35) T m and inrush current is equal (1.2 -0.6) I r . Therefore we can say that when you start the motor with a voltage ramp the starting losses are about 2 times lower than that for step change.
Motor starting in the presence of the moment of Inertia: Electric drive starting conditions deteriorate in the presence of the electric moment of inertia. We assume that such a reactive torque that comes with the beginning of the movement and that for the sake of simplicity M L = const (Andreev and Sabinin, 1963) .
Then the dynamic equation of the electric drive of the type: 
The difference (V a -∆ V L ) is equal to the armature voltage, which determines the rate of motor acceleration and its rate at steady state. In particular, if the voltage rise to a value, the rate is established not on the level V r and where, then expression (7) 
Strictly speaking, the solution (15) did not accurately reflect the behavior of a variable ω (t), since the latter should not start from the origin and have some delay on the time axis is equal to the rise time of the armature current to a value I a = I L . But in this case significantly increases the difficulties of the analytical solutions (15). Therefore, trying to stay within the framework of analytical solutions, we adopt an approximate solution in the form of (15) For the armature current view of (18) we have: For the latter part of the transition process, when we have the following changes in the current law:
The corresponding plot is shown in Fig. 5 the current charts conduct voltage, speed and armature current for the transition process is presented in Fig. 6 .
RESULTS AND DISCUSSION
To calculate the energy losses during acceleration the engine is useful to consider separately three regions of acceleration and then summarize them in the form of We see that as n increases the first component of losses (19) decreases, decreases slightly and the second component and the third H $ R Я (n + 5)T m is growing as increasing the acceleration time.
It follows that the function (19) has an extremum on (n). Find the value of (n) providing for (19) 
